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184-inch Cyclotron Program
The cyclotron was used f o r research expe percent of t h e 448 hours t h e crew was on duty during t h i s month. T major part of t h e time during t h e e a r l y part of t h e month was spent .--on the investigation of delayed neutron a c t i v i t i e s while during the l a t t e r p a r t of t h e month t h e emphasis w a s changed t o t h e search f o r mesotrons. One eight-hour s h i f t was used t o i n s t a l l a telescope t h a t projects a l i g h t beam along t h e neutron beam path; t h i s makes it possible t o a l i g n experimental equipment i n a s h o r t e r time and with g r e a t e r accuracy than has been possible up t o t h i s time. A leak i n t h e vacuum capacitor was repaired during t h i s shut down.
The cyclotron i s now being shut down between 4:OO P.M. and 8:00 P.M. every day t o help lower t h e peak power load t h a t t h e power company experiences during these hours, hence t h e cyclotron is operated from 8:00 A.M. t o 4:00 P.M. and from 8:00 P.M. t o 4:00 A.M.
60-inch Cyclotron Program
The 60-inch cyclotron has operzted very s a t i s f a c t o r i l y during t h e month of February, t h e r e being accomplished a t o t a l of approximately 500 hours of bombardment. The performance with deuterons has been e s p e c i a l l y good. ~e a m -c u r r e n t s on t h e t a r g e t have been maintained i n t h e range of 40 t o 60 microamperes f o r prolonged periods of time. This has added f u r t h e r t o our already disturbingly high r a d i a t i o n l e v e l s both through t h e s h i e l d when t h e instrument is i n operation a s well a s t h e ever increasing amounts of induced a c t i v i t y within t h e cyclotron it s e l f .
A new type of double negative PIG source has been t r i e d and found t o operate very successfully f o r both deuterons and alpha p a r ti c l e s . Further developinents a r e now i n progress with t h e source both with t h e view of exploring its p o s s i b i l i t i e s as a s u b s t i t u t e f o r our present open type source as well as f o r t h e production of stripped ions of boron and carbon.
Additional development work on t h e p l a s t i c vacuum chamber has resulted i n obtaining a pressure of 10'~ mm. measured i n t h e vacuum chamber near t h e pumping ports. According t o t h e o r e t i c a l calculations t h i s pressure is probably s u f f i c i e n t l y low t o permit obtaining a usable beam. Development work on t h e quartz vacuum chamber is continuing i n case a lower pressure proves desirable. The synchrotron w i l l be assembled, however, with t h e p l a s t i c vacuum chamber.
During t h e course of t e s t s on t h e radio frequency accelera t i n g system, t h e copper p l a t i n g on t h e resonant cavity inner conductor was damaged necessitating removal and r e p a i r of t h e driving stem parts. It i s believed t h a t t h i s trouble was caused from sparking due t o a l o c a l high pressure. The vacuum s e a l and center conductor support has been redesigned t o eliminate a region where gas may b e trapped i n order t o improve t h e pressure i n t h i s v i c i n i t y .
It has been found t h a t t h e o s c i l l a t o r a s o r i g i n a l l y designed w i l l provide s u f f i c i e n t power t o obtain a dee voltage of 5 k i l o v o l t s . The plan of converting the o s c i l l a t o r t o a power amplifier has been abandoned.
The magnet assembly has been completed during t h e past month and t h e magnet and i t s power supply operated at approximately rated current f o r a short period of time. No d i f f i c u l t i e s have appeared i n t h i s preliminary operat ion, and t h e i n s t a l l a t ion of additional metering equipment i s nearly completed, a f t e r which t h e complete magnetic measurements w i l l be made. Van de Graaff. The ion source filament problem seems t o be f a i r l y well i n hand now. The filament mentioned i n last month's report ran f o r over 100 hours of operating time i n s p i t e of t h e f a c t t h a t it was l e t up t o a i r t e n times. Tests are continuing t o determine conditions under which maximw~ l i f e is obtained, both with d.c. operat i o n and with pulsing.
Further trouble has been encountered with rapid commutator d e t e r i o r a t i o n on t h e d.c. generator which operates t h e hypervac pump. The two generators have now been paralleled on t h e theory t h a t most of the danage i s done by t h e high surge of current on s t a r t i n g the pump. The 90° deflecting magnet i s complete and f i e l d p l o t s a r e being made on i t , It w i l l be ready f o r i n s t a l l a t i o n shortly, so experiments with a deflected proton beam w i l l be possible.
40-foot Section. During the month of February, t h e l i n e a r accelerator was again inoperative much of t h e time because of V a n de Graaff d i f f i c u l t i e s , However, i n t h e time t h a t it was running, a t o t a l of 42 bombardments were made, and some preliminary r e s u l t s were obtained. Work was done on t h e a c t i v a t i o n curve f o r C~~( P ,~~) C~~, t h e search f o r exchange reaction a t 32 m i l l i o n v o l t s , and t h e C l ( p , n ) a c t i v a t i o n surge at low energies, with t h e Van de Graaff . A new short half-lived a c t i v i t y was obtained from protons on nickel.
The
operation during t h e month has been ranarkably steady The rf l e v e l can be brought up t o beam voltage i n l e s s than t e n minutes from a c rnplete shutdown. The maximum beam obtained t o date w a s .8 x 10-P1 amperes, and t h e normal running bean has been approxtnatelp
one half of t h a t . The bean current was not reducea by installin@;th.e -300 d e f l e c t i n g magnet f o r monochromatizing t h e bean. The r p e f f i c i e n c y was improved by t i l t i n g t h e r f l e v e l i n t h e tank approximately 10 percent, a s measured by t h e bolometers. It i s g r a t i f y i n g t h a t t h i s happens experimentally, since it was predicted i n theory some time ago. 580 Mev alpha p a r t i c l e s . The m a s s is determined from H p mecsurements i n t h e cyclotron f i e l d and from t h e measured range i n t h e emulsion. The majority of t h e observed negative mesons produce s t a r s a t t h e end of t h e i r range. These p a r t i c l e s a r e apparently i d e n t i c a l with the* mesons reported by Powell and coworkers i n England from cosmic ray experiments. Since t h e intonsitios available are zbout lo8 times those from cosmic rays, t h i s discovery w i l l g r e a t l y a c c e l e r a t e progress i n t h i s f i e l d . Mesons have a l s o been observed from beryllium, copper and uranium t o r g e t s and a g r e a t l y reduced, but observable, y i e l d a t an alpha p a r t i c l e energy of 300 Mev.
Delayed Neutrons. Experiments have continued on t h e delayed neutrons produced following t h e decny of N~~ (4.1 seconds). Complex decay curves of neutron emission have been observed f o r cerium, gadolinium, and all elements above iridium under deuteron bombardment. The r e l a t i v e yields f o r t h e production of N~~ from neighboring elements have been determined, together with the e x c i t a t i o n curves f o r some of t h e reactions.
Neutron-Proton Scattering. Studies have continued on t h e angular dependence of n-p s c a t t e r i n g . The r e s u l t s of measurements i n t h e angular range from 70' t o 1700 i n t h e CM system give a c l e a r indicat i o n of t h e existence of exchange forces between neutron and proton. A vacuum chamber proportional counter arrangement f o r extending t h e measurements t o wide angles i s being developed. Design, construction, and t e s t work is being done on a f i s s i o n counter f o r detecting low energy negative mesons and a proportional counter coincidence-anticoincidence arrangement f o r measuring t h e energy d i s t r i b u t i o n of r e c o i l protons from various substances. D i f f r a c t ion of 1Teut rons. An arrangement of proportional counters i n coincidnece has been developed f o r neutron d i f f r a c t i o n measurements. The neutrons produce knock-on protons i n p a r a f f i n placed i n front of the coincidence ar;.ay.
A similar counter system is used t o monitor t h e beam. Measurements of t h e angular d i s t r i b u t i o n of neutrons d i f f r a c t e d by copper gave r e s u l t s i n agreement with e a r l i e r measurements using carbon detectors. Attenuation measurements are a l s o being carried out.
Work was done on t h e e f f e c t of t h e range of t h e forces on n-p s c a t t e r i n g ; on the y i e l d s of t h e reactions leading t o N~~; on neutrino cross sections; and on various calculations concerning mesons. Some c~l c u l c t i o n s were made on problsms having t o do with the bevatron and synchrotron --=-wT, v. . " 7. I s o t o p e R e s e a r c h P r o g r m .gs..
Problems involved i n t h e collection of ions ( i n p a r t i c u l c r carbon ions) hzve been under investigation. A decelerating c o l l e c t o r is i n use m d i n t e r p r e t a t i o n s of i t s current recdings a r e being studied. The aim i n view is t o deposit c14 upon n very t h i n Be f o i l . An i n t e r a s t i n g observation on the adherence of deposits of 10 Kev carbon ions was made, i n which it appeared t h a t current d e n s i t i e s below a c e r t a i n l e v e l permitted the carbon deposit t o adhere and build up, whereas f o r higher d e n s i t i e s t h z carbon was sputterad off 2nd deposited on regions not struck by the bean.
Shop work on t h e low-mass spectrometer continues, along with e f f o r t s a t obtaining i n t s r p r e t a b l c r e s u l t s on E and D anzlyses with t h e G.E. -Nier instrument . Expsriments on evalurting t r i t i u m content
by t h e ionization chamber method usirv; water v?.por have begun.
A srmple of crrbon onriched i n c13 t o 52 percent by the Eastman d i f f u s i o n process was nnnlyaed f o r c14 content. It yielded 2900 elmin per gram carbon. This is i n agreement with r e s u l t s by Libby, e t a l , , i n t h e i r s t u d i e s of "biocarbonqP a t Chicago. The source of t h e carbon used b y Eastman i n t h e i r ion exchange isotope enrichment process i s wood charcoal, s o t h e r e s u l t is i n order. Mev i d e s t i f i c a t i o n of a number of new r a r e e a r t h isotopes has been accomplished. I n general, pure r a r e e a r t h s were i r r a d i a t e d ,and t h e a c t i v i t i e s were separated i n t o chemiccl f r a c t i o n s with Dowex 50 r e s i n columns. U n t i l t h i s work w w begun t h e r e were no w e l l e s t a b l i s h e d positron e m i t t e r s known among t h e heavy r a r e e a r t h s . T h i s appears now t o be due only t o t h e f a c t t h a t no isotopes were produced s u f f i c i e n t l y f a r removed from s t a b i l i t y . The following t a b l e l i s Evidence of Mesot ron Product ion Deduced from ~u c l e a r ~& c t i o n Products. Following the recent observction by L a t t e s and Gardner of cyclotron produced mesotrons a s t r a c k s i n photographic emulsions another attempt h a s been mcde t o o b t a i n chemical evidence f o r mesotron formction by a method which previously gave inconclusive r e s u l t s . This method c o n s i s t s of t h e bombardment of a t a r g e t nucleus, Z, with a p r o j e c t i l e of charge, z , and searching f o r a product of atomic number Z+z+l. The a r t i c u l a r r e a c t i o n c -osen f o r observation was t h e formation of 8~g 1 1 following t h e i r r a d i z t i o n of lead (element 82) with high energy helium ions. This could presumably be formed by t h e reaction: ~b ' 08 ( a , np-) A% 211
Lead was i r r a d i a t e d i n d i f f e r e n t e x p r i m e a t s with helium ion8 o f 400, 800: ch.hdI50 Rmo. BaraUef i r r a d i a t i o n s were c a r r i e d out w$th bismutfi as t h e t2r , I n $he lead t a r g e t s a s w e 1 1 as 2 % F i n the bismuth tasgbts., A t .
was i d e n t i f i e d i n a l l cases, However, the yield i n lead d-egreased with d e~r e a s i n g helium ion energydwhile t h e y i e l d i n bismuth increased sharply with decreasing energy. The yield of a s t a t i n e from leod may be expressed i n terms of t h e concentration of bismuth which would produce t h a t yield. A t 400 Mev there would have had t o be 2000 ppm bismuth i n t h e leod, a t 200 Mev, 80 ppm and a t 150 Mev, 5 ppm. Since spectrographic analysis indicated t h a t the lead used contained i-10 ppm bismuth, the a s t a t i n e produced with 150 Mev helium ions could be explained by t h e bismuth content . A t 200 Mev and p a r t i c u l a r l y at 400 Nev t h e ~t~~~ could not have been produced from bismuth.
Such a mechanism a s the formation of lithium nuclei from t h e r e a c t i o n of t h e high energy p a r t i c l e s on lend followed by a reaction of t h e type, ~b (~i , x n ) A t , has n9t yet been ruled out.
The value f o r t h e cross section f o r t h e formation of A t 211
from 400 Mev helium ions on lead is lo-" cm2.
Chemistry
Part B Synthetic and Experimental Organic Chemistry. Heptene-1, l-C1* is being prepared. I n conjunction with the Chemistry Department of t h e University of California, t h i s compound w i l l be c a t a l y t i c a l l y '' cyclized a t high temperatures t o toluene 2nd hydrogen, and t h e toluene w i l l be degrcded t o determine the position of t h e l a b e l , I n conjunction with t h e Dentistry College of the University of Celifornia, Amidona has been synthesized from labeled e t h y l bromide, 1-el4. The y i e l d of ethyl bromide is about 70 percent based on C02 cad t h e y i e l d of Midone is about 35 perceat based on e t h y l bromide, making t h e overell yield zbout 25 percent.
Carbon fourteen carboxyl labeled malonic acid has been synthesized i n about 85 percent yield based on cyonide,which corresponds t o a y i e l d of @bout 50 percent based on barium carbona t e . Experiment s a r e being undertdsen with regard t o t h e e f f e c t of t h e isotopic carbon on t h e strengths of t h e carboxyl carbonmethylene carbon bond energy.
The synthesis of indole-3-acetic acid labeled with c14 i n t h e alpha position has been accomplished. The s p e c i f i c a c t i v i t y of t h e product i s about 1 ,uc/mg. The work on t h e synthesis of hydroxym t h r a n i l i c acid is s t i l l i n progress.
Biological Chemistry. The biological work on the metabolism of t h e following ~1 4 labeled compounds has continued: dibenzanthracene 9 , 10-c14, bet a labeled t y r o s i n e , 2nd bet a labeled t rypt ophzne.
Photosynthetic Chemistry. -I n algae photosynthesizing with radiocarbon dioxide f o r 30 seconds, 80 percent of t h e r a d i o a c t i v i t y fixed i s anionic i n character and non-ether extractable. This m a t e r i a l has been shot~n t o be approximately half triosephosphates and h a l f 3-phosphoglyceric acid. The two phosphates a r e separated by s e l e c t i v e e l u t i o n with mmonium hydroxide from an anionic exchange resin. I n pre-illuminated algae fed radiocarbon dioxide, t h e dark f i x a t i o n product i s largely alanine w d t h i s is t h e only i a b e l e d amino acid synthesized i n large mounts under the conditions of t h e experiment .
rlork k s continued on t h e r o l e of chlorophyll i n photosynthesis using deuterium t o determine i f chlorophyll a c t s as a hydrogen c a r r i e r . Analyzed chlorophyll from algae t h a t hes been exposed t o heavy wcter i n the l i g h t and i n t h e dark shows t h a t chlorophyll t r e a t e d i n t h e l i g h t has 2 higher deuterium content, but t h e i n t e r p r e t a t i o n i s not yet c e r t a i n , It may be t h a t t h i s i s t h e r e s u l t of 2 hydrogen c a r r i e r action, o r it may be due t o sone other process such a s t h e synthesis of new chlorophyll.
Experiments have been c a r r i e d out t o determine t h e r o l e of a c e t a t e i n photosynthesis, both i n the l i g h t and i n t h e dark. That a c e t a t e which i s assimilated i s r a p i d l y metabolized t o material of no charge. The evidence i n d i c a t e s t h a t more of the acetate i s so metcbolized i n t h e l i g h t than i n t h e dark, even on short exposures. It may be t h c t sugar i s formed from t h e a c e t s t e by a process which i s t h e r e s u l t of some r e l a t i o n s h i p t o t h e photosynthetic cycle. Chemistry P a r t C Subproject 48B
Metals and High Temporcture Thermodynmics. York is i n progress on t h e thermodynamics of tho CN molecule, the thermodynamics of gaseous h a l i d e s , absorption c o e f f i c i e n t s of C2 and other molecules s t a b l e at high temperature, r e f r a c t o r i e s 2nd l i q u i d metal systems.
Basic Ghemistry. Solvent Extraction. Equilibrium constants f o r t h e complexing of Z~( I V ) by F-, SG*=, OH-, e t c . hzve been calculated and i: report summzri.zing the r e s u l t s i s being written.
The c n a l y t i c a l method f o r t h e determinztion of water i n e t h e r has been worked out and w i l l now be applied t o t h e waterether-uranyl n i t r a t e system.
Work is continuing on t h e e x t r a c t i o n of uranyl i o n and La(II1)
by TTA i n t o benzene.
9, Medical Physics
Part A.
Radioautographic studies of t h e d i s t r i b u t i o n i n bone of yttrium, zirconium, columbium, cerium, actinium, element 61, americium nnd plutonium a r e continuing.
Incomplete t r a c e r studies with c o r r i e r -f r e e radio-tin reveal t h a t t h i s f i s s i o n product i s excreted p r i n c i p a l l y by way of t h e urine but t h e r e is considerable occurnulation and r e t e n t i o n i n t h e l i v e r and skeleton. Carrier-free radio-germanium i s excreted with extraordinary r a p i d i t y following i n t r m u s c u l a r administration, 90 percent being eliminated within 24 hours. With t h e exception of t h e kidney, t h e r e i s no appreciable accumulation i n any of t h e organs and t i s s u e s of the body, including t h e blood. The l a t t e r point is of i n t e r e s t since it has been alleged t h a t germanium m y have a r o l e i n a normal formation of red blood c e l l s , The 256 day t r a c e r s t u d i e s with u~~~ have been completed a d it is found t h a t -06 percent of t h e administered dose was l e f t i n t h e kidneys and ,075 percent i n t h e skeleton, The value f o r t h e skeleton a t 64 days i s 9.2 percent indicating t h a t i n t h e r a t , uranium i s released from t h e skeleton a t a far more rapid r a t e than thorium, plutonium, americium, and curium. Preliminary t r a c e r s t u d i e s with actinium indicate t h a t t h i s radioelement i s handled i n t h e body i n a manner almost indistinguishable from americium, curium, and the lanthanide group of r a r e earths.
The experiment on the e f f e c t of zirconium treatment on t h e metabolism of intravenously injected radio-yttrium has now been completed. Rats t r e a t e d with 40 mg. zirconium a t t h e same time as t h e radio-yttrium was injected, excreted 68 percent of t h e dose i n t h e first 24 hours, i n u r i n e a s compared t o 8.8 percent excreted by t h e controls. A single zirconium treatment two days p r i o r t o , or two days following t h e administrction of yttrium had no apparent e f f e c t on body d i s t r i b u t i o n o r urinary excretion. The evidence points t o a " c a r r i e r w action of zirconium i n increasing yttrium excretion. The amount of radioyttrium deposited i n t h e l i v e r was reduced from 28.5 percent i n t h e control animals t o 1.7 percent i n t h e r o t s given zirconium a t tha same time as t h e yttrium was administered. There was r: similar reduction i n t h e kidney uptake of radio-yttrium. Reduction of l i v e r uptake, i f a l s o true f o r plutonium, may be of v a l~, i n preventing l i v e r damage from radiation. I n v i t r o s t u d i e s with decalcified bone show a marked reduct i o n i n plutonium uptake when zirconium c i t r a t e is added t o t h e solution. The excretion of radio-strontium by a d u l t r a t s has been followed f o r over 150 days. After t h e first month, t h e excretion l e v e l s off at a low value. Changing t h e animals t o a phosphate UCRL 58 d e f i c i e n t d i e t resulted i n an increase i n urinary excretion of radio-strontium, but no e f f e c t on f e c a l strontium.
An experiment has been s e t up t o compare t h e metabolism of ~a~~ and.sr90 i n young growing r o t s t o determine t h e v a l i d i t y of strontium o s an indicator f o r calcium metabolism.
Carrier-free preparations of radio-calcium, radio-scandium, radio-vanadium, rodio-yt t rium, radio-zirconium, radio-germanium, radio-sifver, and r a d i e -t i n have e i t h e r been made o r a r e i n progress.
Medical Physics
The l e t h a l e f f e c t of the d i r e c t beam of 180 Mev deu€6arthA,--i s being studied on Bag$ Albino mice. It is too early t o know t h o f i n a l r e s u l t s a s yet. It appears, however, t h a t t h e 50 percent acute l e t h a l dose w i l l be somowhat lower than t h e previously reported r e s u l t s would indicate. (Quarterly Progress Report f o r October -December, 1947) The time required f o r acute l e t h a l e f f e c t s i s about f i f t e e n seconds exposure t o tho deflected beam at t h e beam port. An apparatus i s being b u i l t t o enable us t o d e l i v e r any dosired dose t o selected regions of t h e animal body, varying t h e depth and s p e c i f i c ionization. Preliminary exporiments are i n progress t o study t h e carcinogenic e f f e c t s of t h e most ionizing part of t h e b e m on thv? s k i n of Bogg Albino mice.
A s e t of experiments i s i n progress t o study sodium ion exchange i n r a b b i t s before and af'ter i r r a d i a t i o n . A t t h e present time sodium 24 i s being used. There i s some i n d i c r t i o n t h a t the sodium space as measured by t h e d i l u t i o n technique changes d t e r X-ray i r r~d i a t i o n . T h i s effect and tha mechanisms involved w i l l be studied i n d e t a i l .
The first 24 neutron i r r a d i c t e d t i s s u e ash samples arrived from Hcnford t o be used i n t r a c e analysis by induced radioactivity. Several of the cctive isotopes a r e being q u z n t i t a t i v e l y separated with t h e aim of determining t h e microcomposition of t i s s u e ash of various organs and blood. (ndonthly Progress Report f o r J u n~, 1947) I n addition t o routine monitoring during t h e month, continuous monitoring ovor t h e weekend of Februcry 21-22 was carried out on some work t h a t was being done on bombarded t i s s u e and blood s m p l e s from Hcnford. Remote-control unpackaging of t h e samples was c a r r i e d out i n the cave i n Room 107, B u i l d i w 5. The a c t i v i t y of the 
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